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Duration : 3 hours
[Masa : 3 jam]
Please check that this examination paper consists of TWELVE pages of printed
material and FOUR pages of Appendix before you begin the examination.
[Sila pastikan bahawa kertas peperiksaan ini mengandungi DUABELAS muka surat
yang bercetak dan EMPAT muka surat Lampiran sebelum'anda memulakan
peperiksaan ini.l
lnstructions: Answer FOUR (4) questions. Answer TWO (2) questions from Section
A. Answer TWO (2) questions from Section B.
tArahan: Jawab EMPAT (4) soatan. Jawab DllA (2) soalan dari Bahagian A.
Jawab DUA (2) soalan dari Bahagian B'l
You may answer your questions either in Bahasa Malaysia or in English'
[Anda dibenafuan menjawab soalan sama ada dalam Bahasa Malaysia atau Bahasa
lnggeis.l
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Section A : Answer any TWO questions'
BahasianA : Jawab mana-mana DUA soalan'
l. [a] Consider the mixer shown in Figure Q.l.[a].As aprocess contol engineer,
you have been asked to propose a feedback control scheme for this mixer by
controlling the outlet concentration.
Rujuk pencampur seperti yang ditunjukkan di dalam Rajah S.l.[aJ. Sebagai
juruteia kowitan protrt anda telah diarahkan untuk mencadangkan satu
spema lcawalan siapbalik bagi pencampur dengan mengawal kepekntan
keluaran pencampur tersebut. Cadangan anda mesti mengandungi.
ti] Draw the block diagram representing the process'
Lukiskan gambarajah blokyang mewakili proses tersebut'
[4 marl<s/markahJ
tiil List ail the assumptions that have been made'
Senaraikan segala andaian yang telah dibuat
[2 marks/markahJ
tiii] Up-date the mixer's system schematic (including control loop, the
control valve and all possible sensors) based on the control scheme in
[i]. Please attach Appendix A as part of your answer'
Kemaskiniftan gambaraiah pencompur (termasuk gelung ftawalan,
injap kawalan ian iuga semua pengesan yang mungkin) berdasarlran
,ir*o pawalan di til. Sila kepilkan Lampiran A bersama buhu
' iawapan anda sebagai sebahagian daripadaiawapan anda'
[4 marks/markahJ
Nomenchture:
Talananu:
F = Flowrate (moUs)
Kadar aliran (moUs)
X = Specics mole fraction
Pecahan mol sperilzs
A = Tank cross-sectional Area
Luos herdan rcntos tangfi
h = Liquid hcight (n)
Tinf[ti cecab(m)
Figure Q. l. [a] : Mixer system
RaiahS. 1. [aJ : SistemPencamPur
The open loop unit step response for a heat exchanger system is shown
in Figure Q.l.[b] [i]:
Sambutan langkah seunit gelung terbulca bagi sistem penukar haba
adalah dituniuklcan Rai ah S. 1. [b] [i] :
-2-
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The temperature in an exothermic reactor
into the reactor jacket.
Suhu dalam sebuah reahor eksotermik dikowal dengan
penyejuklre dalam jaket reaktor.
tal Discuss, why would such a scheme be used?
Bincangkan kenapa skema berihtt digunakan?
IEKC 36lI
[3 marks/marlwhJ
is controlled by varying the coolant flow
mengubah kadar aliran
[2 marks/mmlwhJ
...4t-
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Figure Q l. tb] [i] : Heat Exchanger process response
Rajah S.I. tbl [iJ : Sambutan bagi proses penulmr haba
Estimate the effective dead time, time constant and gain for the process
reaction curve tuning method. Please attach Appendix B as part of
your answer
Anggarkan masT lengah berkesan, pemalar masa dan gandaan
berdasarkan kaedah penalaan lenglcungan tindakbalas proses' Sila
kepilkan Lampiran B bersama buku iawapan anda sebagai
s e ba h ag ian dariPado i awaP an anda
[6 marks/markahJ
tii] The current proportional controller was found to give undesirable
offset. You are required to install a P[ controller. Design the PI
controller by determining the values of the appropriate controller
parameters based on the information in ti].
Pada masa ini, pengawal kadaran didapati memberiknn sisihan yang
tidak dikehendaki. inda dikehendaki memasang sebuah pengawal PI.
Rekabentukftnn satu pengcrwal PI dengan menentukan nilai-nilai
parameter pengawal yang sepatutr1ya berdasarftnn maklumat di [U.
[6 marks/marlcahJ
tiiil What are the advantages of the controller tuning method used in [ii]
above?
Apakah kelebihan-kelebihan laedah penalaan lcowalan di atas [iiJ?
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tbl Draw the schematic diagram showing the reactor and the jacket together with
the closed loop temperature control scheme. You must show in your figure the
feed to the reactor, concentration in the feed, coolant flow in and out,
concentration and temperature in the reactor'
Lukiskan gambarajah skema menunjukkan reaktor dan jaket bersama skema
lrswalan suhu geling tertutup. Anda mesti tuniukkan di dalam raiah suapan lre
reahor, kepekatan- dalam suapan, aliran pendingin masuk dan kzluar'
lrepekatan dalam reahor dan juga suhu reaWor'
[6 marks/markahJ
tc] Scenario l: Variation in coolant temperature feed is occurred. How would you
modifr the temperature control scheme and draw a new block and new
schematic diagram after the modification? Give the advantages of your new
control scheme.
Senario I: Perubahan suhu suapan pendingin berlsku. Bagaimanakah anda
akan mengubah skema kswalan suhu gelung tertutup dan lukis gambaraiah
blok yang baru selepas perubahan tersebut. Berikan kelebihan-kelebihan
slrema kswalan baru anda
[8 marlcs/markahJ
tdl Scenario 2: Yariation in feed flow to the reactor has occurred' Due to the
,tight' control of the outlet concentration which is related to the reactor
temperature, Suggest a new temperature control scheme and draw a new block
and schematic diagram after modification. Give the advantages of your new
control scheme.
Senario 2; Perubahan aliran suapan didapati berlaht. Disebablran oleh
km+,alan ketat kepekntan keluaran yang mempunyai kaitan dengan suhu
reaktor; apakah 
-cadangan 
anda bagi skema kswalan suhu yang baru dan.
lukislmn gambarajah ilok don skema selepas pengubahsuaian tersebut.
Berikan kelebihan-kelebihan slcema kawalan baru anda.
[9 marlu/marlwhJ
Consider the distillation column shown in Figure Q'3'
Pertimbangkan turus penyulingan yang dituniukkan di Raiah s. j.
Acstrrlr||atsr
Ilmitailingan l', ){o 96
Fs*rL 
'(l) Di.dillatsr@)HarJ,lsulingdn
Su,apan GtQt lrf
Elfr.han
fiimrm*h
..X*% Qalrd€na3re
&cairpemcluwaPan
-4-
3.
Ilor*on 4a;
Eauahan
Figure Q.3. : Schematic of a distillation column
Rajah 5.3. : Skema turus penlrulingan
...51-
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Stream (l), the feed stream, has a fowrates F(kg/hr) and the weight fraction of the
more volatile component (MVC) is xp. Stream (2), the top product, has a flowrate of D
(kg/ht) and the *Ligtrt fraction of the MVC is xp, while the bottom stream (3), the
bottom product, hasi flowrate, B (kglhr) with a MVC weight fraction of xe. Suppose
the following transfer function model has been identified;
Aliran (1), aliran suapan mempunyai kadar aliran, F(kg/jam) dan pecahan berat
komponen yang lebih meruap (MVC) xp. Aliran (2), hasil atas, mempunyai kndar
atir)n, D (k7/jam) dan peiahan komponen berat MVC, Xo, sementara aliran
bawahqn (3),- hasil bawaian mempunyai kadar aliran, B (kg/iam) dengan pecahan
jisim MVC Xn. Andaiknn model rangkap pindah yang berikut telah dikenalpasti;
Xo(s) 
= 
ko"-to'
D(s) l00s + I
Xo(s) 
= 
k'-e to'
F(s) 50s + 1
Where, the process gain, ko and k; var) with process operating point due to the
nonlinear nature of the process. The controlled variable is Xo(s), the manipulated
variable is D(s) and the Fis) may be considered as a measured disturbance variable.
Di mana gandaan proses ko dan k1 berubah mengikut titik operasi disebabkan oleh
sifat tak linno, proses. Pembolehubah kawalan ialah Xo@, pembolehubah olahan
iitan Og aan n61 boleh dianggap sebagai pembolehubah gangguan terukur'
[a] Draw a block diagram representation of a feedback control system that may be
used to regulate Xo(s).
Lukiskan gambarajah btok yang mev,akili sistem kawalan suapbalik yang
boleh digunakan untuk mengatur XoG)
[3 marks/markahJ
tb] Use the block diagram in [a] to derive a closed loop transfer function model
describing how Xp(s) responds to set point changed'
Gunakan gambarajah blok [aJ untuk menerbitkan model rangknp pindah
gelung teriutup ying menghuraikan bagaiman Xob) bertindak bila titik set
berubah' 
F marl<s/markahJ
[c] Set the closed loop transfer function equal to a first order plus dead-time
transfer function with a gain of 1, a time constant of 50 minutes, and a time
delay of l0 minutes. Determine the setting of a Proportional-Integral (PI)
controller. State all assumptions that you make'
Setkan rangkap pindah gelung tertutup menyamai rangknp pindah tertib
pertama ain ioio lengaian dengan gandaan I, pemalar masa 50 minit, dan
' 
lengahan masa I 0 minit. Te ntulmn'sett ing' untuk pangaw al Kadaran-Kamiran
(PD. Nyataknn semua andaian yang digunalmn'
[12 marks/marknhJ
...6t-
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Through block diagram analysis, derive the structure of the feedforward
control element and show that it eliminates the impact of the process
disturbance, F(s) of the process output. Xo(s).
-6-
tdl
Melalui analisis gambarajah blok, terbitkan struktur
tunjukknn ia melenyapkan kesan gangguan proses ,
proses, XoG)
kawalan suapdepan dan
F(s) terhadap keluaran
[6 marl<s/marknhJ
Section B : Answer any TWO questions.
Bqhaglan B . Jawab mana-mana DUA soalan.
4. [a] Obtain the solution Y(t), as a deviation from its initial steady-state condition
y(0), of the following differential equations. Use the method of Laplace
transforms and partial fractions expansion. The forcing function is the unit
step function, x(t): u(t)
Dapatkan penyelesaian Y(t), dalam bentuk penyisihan dari keadaan
keseimbangan awalnya y(0), bagi persamaan-persamaan kebezaan berikut.
Gunakan kaedah Jelmaan Laplace dan pengembangan pecahan separa.
Fungsi memaksa adalahfungsi unit tukar langkah, x(t) : u(t)
5x+3
tiil sQ +nQ + 4y --Bx - 4Lr dtt dt
Repeat problem a [ii] above using forcing function, x(t): e-t/3
(Jlangi-soalan a [iiJ di atas dengan menggunakanfungsi memal<sa, x(t1 : ,-trs
[9 marl<s/markahJ
Two constant-volume stirred tanks, connected in series (see Figure Q.4.[b]),
are fed by a single stream with constant volumetric flow rate, q. The feed
composition, ci (mass/volume of a catalyst species), can vary with time.
Density is constant.
Dua tangki teraduk berisipadu malar dihubungkan secara bersiri (ihat Raiah
S.4.tbl), disuapkan dengan satu alur dengan kadar aliran isipadu malar,q-
Komposisi suapan, ci (isim/isipadu spesis mangkin), boleh berubah dengan
masa. Ketumpatan adalah malar'
ti] Develop a dynamic model for this process that can be used to calculate
the concentrations of catalyst exiting Tank I (c1) and Tark2 (c).
Binakan satu model dinamik bagi proses ini yang boleh digunakan
untuk mengira kepekntan mangkin pada keluaran tangki I (c) dan
tangki 2 (c).
tii] Make a degrees of freedom analysis for your model, indicating
input(s), output(s), parameters, and so on.
Lalntkan analisis darjah kebebasan bagi model anda, nyatakan
masukan, keluaran, parameter dan sebagainya. 
...71_
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Suppose a recycle stream is used to return some multiple of the inlet
flow rate (rq) from the exit stream of the second tank back to the first
stirred tank (see Figure Q.4.tbltiiil)? Repeat parts [i] and [ii].
Sekiranya alur kitar semula digunaknn untuk mengembalikan
sebahagian kadar aliran masuk berbilang (rq) daripada alur keluar
tangki kedua ke tangki teraduk pertama (ihat Rajah 5.4.[b][iii])?
Ulangi bahagian-bahagian [iJ dan [iiJ
For r )oo, what can you say about the model for this process? Does it
simplif, in some way? Hint: Take a new look at the physical system
and don't just try to manipulate your mathematical model.
Bagi r ) m, apakah yang anda boleh katakan terhadap model bagi
proses ini? Adakah ia dapat diringkaskan? Petunjuk: Ambil gambaran
baru pada keadaan fizikal sistem tersebut dan jangan hanya cuba
mengubah model matematik anda.
fl6 marks/markahJ
Figure Q.4.[b]
Rajah 5.4.[b]
Figure Q.4.tblliiil
Rajah 5.4.[b] [iii]
Ii"]
...81-
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5. lal Figure e.5. tal shows the schematic of a compressor suction pressure conhol
loJp. A masi balance on the suction volume results in the following
approximate linear model for the suction pressure:
Rajah 5.5.[aJ menunjukkan skema bogi gelung kowalan bagi teknnan sedutan_
pi.o*pot. imbangin jisim terhadap isipadu sedutan menghasilkan model
linear hampir bagi tekanan sedutan seperti berikut:
P(s) = 
=9f=ft, (s) - F" (s)l psi/.)s + I
where Fi(s) and F"(s) are, respectively, the inlet and compressor flows,
kscf/min iftscf : 1000 ft3 at standard condition of I atm and 60oF), and the
time consiant is in seconds. The response of the compressor flow to the
controller output (%CO) signal, M(s) is
Di mana F(9 dan F"6) adalah, masing-masing aliran masulesn dan
pemampat, tuiT*in (lkscf : 1000 kaki3 pada keadaan piawai I atm da.n
'60"F),'dan pemalar masa dalam saat. Sambutan bagi aliran pemampat ke
keluaran pengawal (%CO), M(s), ialah
o!!-v1r1
F'(s) = T.s"*r '
The pressure transmitter has a range of 0 to 20 psig and can be presented by a
first-brder lag with a time constant of L2s. Draw the block diagram for the
loop and *tit. the closed-loop transfer function and the characteristic
equation. Must the controller be direct-acting or reverse-acting?
Penghantar telcanan mempunyai iulat 0 hingga 20 psig dan boleh diwakili
olei sistem tertib pertama dengan masa lengah dan pemalar masa I'2s'
Lukislran-gambaraiah blok bagi gelung tersebut dan tuliskan rangkap pindah
gelung teiutup din persamaai cirinya. Adakah pengawal tersebut bertindak-
terus at au b er t indak-b al ilran?
[9 marks/markahJ
SC 
- 
TutbltYF 3pe€d GontEll€r
SC = Pengawal kelajuan nrbin
Figure Q.5.tal : Compressor pressure contol
Rajah 5.5.[aJ : Kawalan tekanan pemampat
...91-
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tb] A process control system contains the following transfer functions:
Satu sistem kawalan proses mempunyai rangkap-rangkap pindah berikut:
2"-t.ss
.t-t"l = (60s+lX5s+l)
G"(s)=ffi
G.(")=#
'- 
G' (s) = K'
til Show how GsL(s) can be approximated by FOPTD model;
Tunjukkan bagaimana Got6) boleh dianggarkan sebagai model
FOPTD:
Ke-6
GpG,G,nG. = GoL (s) = ;s + I
Find K, t, and 0 for the open-loop proeess transfer function
carikan K, t, dan 0 bagi rangkap pindah gelung tertutup tersebut.
tiil Use Routh stability methods and your FOPTD model to find the range
of K" values that will yield a stable closed-loop system'
Gunakan kaedah kestabilan Routh dan model FOPTD anda untuk
mencari julat nilai K" yang menghasilkan sistem gelung tertutup yang
stabil.
p0 marl<s/markahJ
[c] Figure Q.s.tc] shows the response of six different processes to a step change
inlnput. Give an indication.of tn. form(s) of possible transfer function(s) for
each process.
Rajah S.5.tbl menunjukknn sambutan enam proses berbeza terhadap seunit
tulkar tangai pada masukan. Nyatakan bentuk kemungkinan rangkap pindah
bagi setiap proses.
...10/-
-10- IEKC 36lJ
(t) r-l o(t)
---*iFrccess
(c)(b)(a)
0(e)(d)
6.
II-
rt) [t r(,) ll- li-rr J I(t) f
Figure Q.5.tc] : The response of six different processes to a step change in input.
Rajah S 5.[cJ : Sambutan enom proses berbeza terhadap seunit tukar langah pada
masukan.
[6 marl<s/markahJ
[a] Draw the block diagram representing the following transfer functions. In each
case, do not do any algebraic manipulations to simpliff the transfer functions,
but use the rules of block diagram algebra to simplify the diagram if possible.
Lukiskan gambarajah btok yang mewakili rangknp-rangkap pindah berikut.
Dalam setiap kes, jangan lakukan sebarang manipulasi algebra untuk
memudahkai rangkap pindah tersebut, sebaliknya gunakan peraturan algebra
bagi gambarajah blok untuk meringkasknn gambarajah tersebut jika boleh.
r(s)=#^.,1*ffix(,)
...lt/-
Figure Q.6. tbl til
Rajah 5.6. tbl til
Determine the transfer function C(s)/L(s)
Figure Q.6. tbl tiil.
Tentukan rangkap pindah C(s)/L(s) bagi
dalam Rajah S 6 [b] [ii].
IEKC 36ll
for the system shown tn
sistem yang ditunjukknn
- ll -
I(s) = 
--l-1r,4 (s) - K,4 (s)l(rs+l)-
11(s) = G, (s)x(s) + G.(s)Y,(s) ; Yr(s) = G' (s)Ii (s)
tiltbl
[6 marks/markahJ
Determine the transfer function C(s)/R(s) for the systems shown in
Figure Q.6. tbl til.
Tentukan rangkap pindah C(s)/R@ bagi sistem yang dituniukkan
dalam Rajah S 6 tbl til
li il
Figure Q.6. tbl tiil
Rajahs6 tbl tiil
[9 marlu/markahJ
...r2/-
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[c] An electrically heated process is known to exhibit second-order dynamics with
the following parameter values: K : 3'ClkW , r: 3 min, ( : 0.7 .If the process
initially is at steady state at 70'C with heater input of 20kW and the heater
input is suddenly changed to 26 kW and held there:
Satu proses pemanas elehrik menunjukkan dinamik tertib kedua dengan nilqi-
nilai parameter berikut: K : 3'C/kW, t : 3 min, ( : 0.7. Jika proses pada
awatiya berada pada keadaan keseimbangan pada 70"C dengan masuknn
pemanas 20k14/ dan pemanas tersebut secara tibaaiba berubah dan kekal
pada 26 kW:
ti] What will be the expression for the process temperature as function of
time?
Apakah ungkapan b agi suhu pr os e s ter hadap fungs i mas a?
tii] What will be the maximum temperature that one observes? When will
it occur?
Apakah suhu mal<simum Yang
berlaku?
Given that the step response of the second order process is:
Diberi sambutan langkah bagi proses tertib kedua ialah"
-12-
akan diperhatikan? Bilaknh ia akan
p0 marl<s/markahJ
Critically damped:
Teredamlvitikal; l- ( r\ 
_,,rfifi-xul t-l r+Lle IL \ r) J
Underdamped:
Kurang Redam: I l- ( F ,, \
y(t) 
- 
KMI-e-l''l .otl 1:::-t l+I L\. r )
Overdamped:
Teredam lebih.
y(r) 
- 
KM (r 
-
Tre-t/" 
-Tre-t/t'
Tt-Tz
,t"I
Ir 72!r-9
T ')l]
-oooOooo-
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Appendix
Lampiran
Table Laplace Transforms for Various Tirne-Dornain Functions"
f(r) F(s)
l.
L
3-
4-
5-
6_
'1-
a-
9.
1(}-
11.
LZ
13-
14.
15.
16.
l'l -
A(r) (unit irnpulse)
S(t) (unit stcp)
r (ramp)
t^-l
c'bt
* 
"-o'
fu-n (rr>o)
I .u- l-'-ttz
*'(n 
- 
1)! '
---+- 1e-Dr 
- 
.-6'1Dr-D:-
-;+-it (e-rr"1 
- 
i-'&r)
6r 
- 
Dr t-bt + bs - bz 
--t{bz-br br-bz-
1 rt .- c-ht _t t T2- t3 c*.t,
,rlrl-T2 f2T2-fr
| 
- 
e-th
sin or
cos (|)f
sin(.'rr {- +}
c-b sin <ot I
I b' tr real
a-b cos ort J
*-#t-E* sitr G/T=E t',
(o s lGl< 1)
r * 6\ (nrc-rt" - ,*-*'>(rr rF lz)
I| 
- J+V c-eh sin lh=E ilt + !'l
.1, 
- 
taq-r *F", (o 
= l(l < 1)
t 
- "-*lcas<JT=E tt )
*l*F sio(-[=?a')J
1o=lgl <r)
ra
I (t* b>2-+o2
1 s+bt G;;F + dF
,2*+?lts+l
;(fr + 1tG'" *lt
I
.s(r2l + 2gs {- l)
rrs'ts I
ffirs -F-
sF(') 
- 
fio)
df(s) 
- 
s'-tl(O) 
- 
t{-2f(r{O) 
- 
"'
- 
sfl' -2r(O' 
- 
;aa-rl(o)
1
I
5
t
F(it 
- 
i)!
5"
I
s-Fb
I
rs-|- 1
I(s -r b)"
('rs -r 1)"
1G=E 1'+TJ
l-
(:rrs -r 1)( r2s + f)
s*b3(s+b1)(s+62)
rrs+1(tp * 1)( r2r + t)
I
s(rs -+ 1)
o
sz +;'
s
F.F G,E
14.
19.
2(}.
s(f.f + 2(*r r- 1)
2t- | + *-+ e-n" +++r--hr
(rr iF rz)
24- f,E-#
<ocosS+ssinS
26. ftr 
- 
to)s(t 
- 
ro)
.Notc rhat t(r) and f(s) crc deEncd fos t = O only'
c-ryF(s)
...2/-
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Cohen-Coon Settings
l. For a proportional controller, use:
x = t '(t*!)' Ktr[ 3t)
2- For a PI conffoller, use:
K =LL(o.n*!l t, =t.30+3tofr
' K r;["' - nt ) e] -'d 9+Zotofr
3. For a PID controller, use:
x. =Lt (1*L') f , =t,,t?*!"/: 4
' K r, [3 lr ) ' rall*fifl to =ta rl+rtJt
Controller Transfer Functions
l. Proportional conroller (P): G. (s)= K"
2. Proportional-Integral controller (PI): G.(s)* *"[t.ll't r,s )
3. Proportional-Integral'Derivativd contr6llEr (PID): G.(s)= f"f r *J**,r".)'t- trs " )
...3/-
aAngka Giliran:
No. Tempat Duduk:
Appendix A
Lamoiran A
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B
F{Fk
fir{
4
F{4tr{
IAngka Giliran:
No. Tempat Duduk:
Appendix B
Lampiran B
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lr}
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G
'rr{
rfid
-frll}tsfigXt:ldila0
